has resulted from studies in the Gunn rat (Schmid & Hammaker 1963) . These have shown that a relatively steady serum bilirubin level can be maintained by the excretion of unidentified nonbilirubincatabolites in bile and urine and that some bilirubin is transferred across the gut wall and excreted in the faces.
These studies made with the Gunn rat clearly indicate the value of the animal model in medical research. This approach is particularly valuable in investigation of biochemical abnormalities, and every endeavour should be made to find suitable mutants. REFERENCES Claireaux A (1950) 
Nutrition
Nutritional studies are carried out both on individuals and on groups. Advances are dependent on analytical techniques (chemical, biochemical, physical and statistical) which govern the degree of precision possible in examining foodstuffs, metabolites and the excretory products resulting from the ingestion of food.
When considering the nutritional status of a single individual, whether human or animal, it is difficult to disentangle the factors which have contributed to that individual's present state of health; moreover, significant basic nutritional generalizations cannot be drawn from isolated examples. Workers using human volunteers have shown that to demonstrate a deficiency syndrome may require two or more years on a restricted regime. Field studies on normal and malnourished populations, although providing valuable clinical information, demonstrate conditions which are complicated by infections, infestations and other hazards due to variations in living standards, rather than to nutrition.
The extensive nutritional studies which have been made on farm livestock have a strong practicable bias, being concerned with the efficiency of conversion of food into live weight gain, reproductive efficiency, milk yield and egg laying capacity. Economic incentives for research are great, and growth periods shorter than human, but except for the pig and chick, the studies are not relevant to human beings because the food and metabolic processes of ruminants are so specialized.
Chicks are convenient for organized nutritional investigations, growing rapidly from an egg hatched in the laboratory and either maintained under germ-free conditions, or provided with a defined alimentary microflora; bantam varieties and Japanese quail require less space and consume less food than hens. Using birds, the experimenter is able to increase the size of experimental groups to give greater significance to his results. Although birds differ from human beings, particularly in the excretion of nitrogenous metabolites, they are valuable experimental tools, having high requirements for aminoacids, vitamins and major and trace mineral elements during their short growth period. The clinical effects of thiamine deficiency were first studied in hens and pigeons by Eijkman & Grijns (1896) and the part played by thiamine in pyruvate metabolism was demonstrated by Sir Rudolph Peters (Peters et al. 1939 ) using homogenates of brain from normal and deficient pigeons. Chicks have been used for the assay of antirachitic vitamin D (cholecalciferol).
A mammal for basic nutritional studies applicable to man must be small, rapidly growing, tame and able to adapt to cage life, reproducing frequently and efficiently under laboratory conditions and resistant to disease. Moreover, it should be an omnivore with a liking for human foods. A domesticated variant of Ratus norvegicus, which was introduced at the turn of the century, is the only animal to fit this specification. Several groups of workers have reintroduced the original wild species or crosses with the domestic variant, but they have proved quite unsuitable. Rogers & Richter (1948) and Woods (1957) showed that nervous, active sewer rats had larger suprarenal glands than domesticated rats selected for tameness. A body of knowledge has been published in standard texts and monographs concerning the anatomy, growth characteristics, reproductive physiology, embryology, hmematology and food requirements of the laboratory rat. These are essential stepping-off points for anyone wishing to use the rat in experimental investigations, which include the oral administration of drugs, food additives and food contaminants, as well as conventional studies of protein-calorie relations, vitamin and mineral requirements. Attention has been paid to the rat as a laboratory tool, in the production of inbred strains obtained by more than twenty brothersister matings, from which experimental colonies can be developed from selected F1 crosses. showing a low level of biological variability. Young rats derived by CQsarean section can be reared so that they are either germ free (gnotobiotic) or have an identified microflora (SPF) tailored to the investigator's requirements by an inoculation programme. These rats eliminate factors which confused earlier nutritional studies and enable the conduct of lifetime studies without the losses due to intercurrent infection which previously brought experiments to an abrupt and inconclusive termination.
The mouse is the animal of choice for the study of heritable conditions which affect nutritional requirements since many strains are available. Small rodents are unsuitable where regular sampling of blood or urine is required; while rabbits are less useful because they are herbivores, the guinea-pig has proved a valuable tool in the study of ascorbic acid metabolism which, like man, it is unable to synthesize. Basic work on iron deficiency anaemias was carried out on dogs (Whipple & Robscheit-Robbins 1925), as was Edward Mellanby's work on vitamin A (1921) . Specially bred dogs (beagles) are now the second animal of choice for studying food additives and drugs; they are easily bled and provide an adequate sample for analysis. Cats are also easily bled, although their dietary requirements differ from dogs and human beings; they are less expensive than dogs, occupy less space and do not bark. However, both dogs and cats are very expensive to house, feed, care for and breed when compared with the ubiquitous rat.
Remarkably few studies bearing on human nutrition have been carried out on monkeys; in general human beings are easier to work on directly than are primates, which are mostly highly specialized in their requirements. Recently mice have come to play a major role, and during the next decade it is likely that inbred mice will be far the most important species used. This change reflects to a large extent the importance of genetics to modern immunology.
Inbred mice are available in a wide variety of well-characterized strains. To a lesser extent genetically characterized inbred strains are available in other species, particularly the rat and the guinea-pig. For special purposes it is likely that other species will continue to be required, e.g. rabbits because they produce relatively high titres of antibody, primates because of their general similarity to man, and guinea-pigs because of the special reactivity of their skin. The more eccentric species will also find their advocates, e.g. the pig as a producer of ALS, or the marsupials for study of the early development of the immunological apparatus.
As regards genetics, the main emphasis in the past has been on the development of histocompatible strains of animals for transplantation of cells and organs. Thus, only in inbred animals can the technique of adoptive transfer of immunologically active cells be practised. Furthermore, our present understanding of the transplant rejection mechanism would not have been possible without the use of skin grafts transplanted between inbred strains. Once the inbred strains became available it was natural to identify their transplantation antigens, and in this way the important histocompatibility genes, such as the H-2 alleles of the mouse, were discovered. More recently alloantigens, as these kinds of genes are now termed, have been used as markers of particular kinds of immunologically important cell, e.g. theta and PC-1. The study of all these alloantigens has been much facilitated by the development of co-isogenic strains, and these are now an important tool of immunological research.
Very recently another genetic function has entered immunologythe immune response or 'IR' genes. These will also increase the demand for specialized genetic strains, although fortunately so far the main IR gene can be studied by means of existing strains co-isogenic for alloantigens. Other genetic abnormalities include complement deficiencies in the rabbit and mouse.
